Objective-Inflammation contributes to hypertension-induced cardiac damage and fibrotic remodeling. Complement activation produces anaphylatoxins, which are major inflammatory effectors. Here, we investigated the role of complement anaphylatoxins in angiotensin II (Ang II)-induced cardiac remodeling. Approach and Results-We measured human plasma levels of complement anaphylatoxins in hypertensive individuals and controls and studied the role of complement activation in a mouse model of Ang II-induced hypertension and cardiac injury. We found that complement 5a (C5a) concentration was more elevated in hypertensive individuals than in controls. Infusion of Ang II in mice for 7 days led to increased anaphylatoxin concentration in plasma and perivascular C3b deposition in the heart. C5a receptor (C5aR)-deficient but not C3a receptor-deficient mice exhibited markedly reduced cardiac remodeling and inflammation after Ang II infusion. Pharmacological inhibition of C5a production by an anti-C5 monoclonal antibody produced similar effects to C5aR deficiency. Bone marrow chimera experiments revealed that C5aR expression on bone marrow-derived cells was critical in mediating Ang II-induced cardiac injury and remodeling. The C5aR pathway regulated the expression of adhesion molecules on peripheral monocytes, as well as infiltration and cytokine production of macrophage in the heart. Conclusions-Complement is activated in hypertensive hearts, and the C5aR signaling pathway on blood monocytes/ macrophages plays a pathological role in Ang II-induced cardiac inflammation and remodeling. Therapeutic inhibition of complement may protect patients from hypertension-related heart injury. (Arterioscler Thromb Vasc Biol. 2014;34:1240-1248.)
H ypertension induces damage to multiple organs, including the heart, kidney, brain, and eyes. 1, 2 Cardiac remodeling, characterized by excessive interstitial and perivascular extracellular matrix deposition, leads to increased ventricular stiffness with diastolic heart failure and systolic cardiac dysfunction. 3, 4 Hypertension-induced cardiac remodeling is a multifaceted process. Elevated angiotensin II (Ang II) causes endothelial cell injury and platelet activation and increases local production of cytokines, chemokines, and infiltration of inflammatory cells. These events are followed by myofibroblast activation and extracellular matrix synthesis, leading to cardiac fibrosis. 5 The nature of the inflammatory pathways activated and how they interact with cellular processes and with each other to bring about cardiac remodeling remains to be fully characterized.
The complement system plays a central role in innate and adaptive immunity. Its function in host defense by opsonization and lytic activity, as well as in the clearance of immune complexes and self antigens such as apoptotic cell debris, is well recognized. 6 The latter function of the complement links it to systemic autoimmunity, such as lupus. 7 In addition, gene mutations or insufficient activity in complement regulatory proteins, leading to excessive complement activation and tissue injury, has been implicated in many human diseases, involving vascular and blood cells. 6, 8 Of interest, several recent studies have suggested a possible connection between complement activation and hypertension. In a longitudinal cohort study, high concentrations of C3 in plasma were found to be associated with incidence of future blood pressure increase and the development of hypertension. 9 Genetic variations in factor H, a key complement regulator, and its related genes may contribute to hypertension risk in the Chinese population. 10 In another study, C1q, C3, C3c, and C5b-9 were observed in the renal vessel media, and complement activation and cell infiltration occurred before the onset of albuminuria in hypertensive renal damage of a transgenic rat model. 11 Although the above association studies are indicative of a possible role of complement in hypertension and its sequelae, the causal relationship between complement activation and hypertension-induced organ injury has not been sufficiently investigated or is a mechanistic understanding of the connection established. In the current study, we measured blood levels of anaphylatoxins in patients with hypertension and investigated the possible involvement of complement activation in a mouse model of Ang II-induced cardiac inflammation and fibrotic remodeling. We conclude that the complement 5a receptor (C5aR) pathway plays a detrimental role in hypertension-induced cardiac inflammation and injury, and therapeutic manipulation of the complement system may benefit patients under these disease settings.
Materials and Methods
Materials and Methods are available in the online-only Supplement.
Results

Evidence of Complement Activation in Patients With Hypertension and Ang II-Treated Mice
To evaluate a possible connection between hypertension and complement activation, we measured serum levels of the complement activation products, C3a and C5a, in patients with hypertension and healthy controls. We found that serum C5a but not C3a levels were significantly elevated (2.1-fold) in patients with hypertension ( Figure 1A ). To study the role of complement in hypertension further, we resorted to an Ang II-induced acute hypertension and cardiac injury model. We infused wild-type (WT) mice with Ang II for 7 days to cause acute blood pressure elevation and then examined local and systemic signs of complement activation. We observed that both C3a and C5a levels in serum were significantly increased at 1 day after Ang II infusion (2.9-and 3.7-fold, respectively) and remained elevated for the duration of 7 days of Ang II treatment ( Figure 1B ). Similar changes in serum C3a and C5a levels were not observed in sham-treated (infusion of saline) mice ( Figure 1B ). By immunofluorescence staining, we also detected prominent perivascular deposition of activated C3 fragments (C3b/iC3b) in Ang II-treated but not sham-treated mouse hearts ( Figure 1C and 1D), which provided direct evidence of local complement activation in the hearts of Ang II-treated mice. Separately, we examined the expression of complement 3a receptor (C3aR) and C5aR in Ang II-infused mouse hearts by quantitative reverse transcriptase polymerase chain reaction (qRT-PCR). As shown in Figure I in the onlineonly Data Supplement, we detected increased expression of C3aR and C5aR as early as day 1 after Ang II infusion, with the levels peaking on day 3. The increase in C5aR (7-fold on day 3) occurred to a greater degree than in C3aR (2.5-fold), suggesting that the C5aR pathway may play a particularly important role in Ang II-induced cardiac inflammation and remodeling.
C5aR-but Not C3aR-Deficient Mice Are Protected From Ang II-Induced Cardiac Injury and Remodeling
Given the strong evidence of complement activation, we assessed whether anaphylatoxins are involved in Ang IIinduced cardiac injury and remodeling. For this purpose, we used mice deficient in C5aR and C3aR and compared their cardiac gene expression and tissue remodeling responses with that of WT mice. Ang II-induced cardiac injury is characterized by the induction of profibrotic and extracellular matrix genes, including transforming growth factor-β1 (TGF-β1), α-smooth muscle actin (α-SMA), and collagen. 3 By immunohistochemistry staining, we confirmed that Ang II infusion in WT mice led to abundant production of TGF-β1 and α-SMA in heart tissues (Figure 2A and 2B ). Importantly, we detected greatly reduced positive areas of TGF-β1 and α-SMA staining in Ang II-treated C5aR -/mouse hearts, but there were no significant changes in C3aR -/mouse hearts (Figure 2A and 2B). Ang II-treated C5aR -/mice also displayed ≥80% reduction in Masson-positive areas in the hearts, indicating greatly reduced deposition of collagen, a marker of cardiac fibrosis, whereas Ang II-treated C3aR -/mouse hearts seemed to be similar to Ang II-treated WT mouse hearts ( Figure 2C ). These results were further confirmed at the gene expression level. By qRT-PCR, we found that the mRNA levels of α-SMA, Col1a1, and Col3a1 in C5aR -/mouse hearts were significantly reduced 7 days after Ang II infusion when compared with WT mice ( Figure 2D ). However, C5aR deficiency did not affect blood pressure, cardiac function, or cardiac hypertrophy of Ang II-treated mice ( Figure II in the onlineonly Data Supplement).
C5aR on Bone Marrow-Derived Leukocytes Is Critical for Ang II-Induced Cardiac Inflammation and Injury
The above experiments demonstrated that C5aR was upregulated in Ang II-induced hypertensive mouse hearts, where it played a key pathological role. By immunostaining and cell sorting analysis, we confirmed C5aR upregulation at the protein level and determined the source of C5aR expression in the hypertensive mouse heart as infiltrating CD11b + leukocytes ( Figure IIIA and IIIB in the online-only Data Supplement). Further flow cytometry analysis with more specific markers revealed that the majority of infiltrated C5aR-expressing cells at days 1 and 7 after Ang II infusion were F4/80 + macrophages, with a smaller fraction being Ly6G + neutrophils ( Figure IIIC in the online-only Data Supplement). Using Mac-2 as a macrophage-specific marker, we confirmed the increase in macrophage numbers in the hearts of Ang II-infused WT mice. When compared with WT mice, we detected only limited numbers of macrophages in the hearts of similarly treated C5aR -/mice ( Figure 3A ). This difference in macrophage numbers between WT and C5aR -/mouse hearts was confirmed by the relative abundance of CD11b mRNA, as well as that of several macrophage-associated genes such as the proinflammatory cytokine interleukin-1β and the Figure 2 . Complement 5a receptor (C5aR)-deficient but not complement 3a receptor (C3aR)-deficient mice exhibit reduced fibrosis formation after angiotensin II (Ang II) infusion. A, Immunohistochemical (IHC) staining of the profibrotic cytokine transforming growth factor (TGF)-β1 in the hearts of wild-type (WT), C5aR -/-, and C3aR -/mice infused with Ang II or saline for 7 days (scale bars, 50 μm); the right histogram shows a quantitation of the positive area as a percentage of the total tissue section area (n=3 mice in each group). B, IHC staining and area quantitation of the myofibroblast marker α-smooth muscle actin (α-SMA) as a measure of fibrosis in WT, C5aR -/-, and C3aR -/mouse hearts (scale bars, 100 μm). C, Masson staining of fibrosis and area quantitation in WT, C5aR -/-, and C3aR -/mouse hearts (n=6 mice in each group). D, Real-time polymerase chain reaction analysis of α-SMA, collagen I, and collagen III mRNA levels in WT and C5aR -/mouse hearts (n=3 in each group). *P<0.05 compared with WT mouse groups.
chemokines monocyte chemoattractant protein-1 (chemokine ligand 2 [CCL2]) and macrophage inflammatory protein-1α (CCL3; Figure 3B -3E). Unlike C5aR deficiency, we found that C3aR deficiency did not significantly affect CD11b + leukocyte infiltration into the hearts of Ang II-infused mice nor did it alter the expression of inflammatory cytokines and chemokines ( Figure IV in the online-only Data Supplement).
C5aR has been reported to be expressed on macrophages and neutrophils, as well as other cell types such as endothelial cells under inflammatory conditions. 12, 13 Although our data showed macrophages to be the dominant C5aR-expressing cells in Ang II-infused mouse hearts, they do not exclude the possibility of a low-level C5aR expression on cardiomyocytes and myofibroblasts that nevertheless could have played a critical role in the cardiac inflammation and injury. To assess the role of C5aR expression on leukocytes in this model, we created C5aR-chimeric mice using bone marrow (BM) transplantation. Successful BM transplantation was determined by tracing splenic C5aR expression using qRT-PCR ( Figure 4A ). Two months after BM transplantation, mice underwent Ang II infusion. We detected less infiltrating CD45 + leukocytes and lower CD11b mRNA levels in the hearts of Ang II-infused mice receiving C5aR-deficient BM than those receiving WT BM cells, regardless of the genotype of the recipient mice ( Figure 4B 
C5a-C5aR Pathway Promotes Adhesion and Migration of Activated Macrophages in Ang II-Infused Mice
We next performed experiments to dissect the mechanisms by which the C5a-C5aR pathway on macrophages may have contributed to cardiac inflammation and injury in Ang II-infused mice. Adhesion of macrophages to endothelial cells constitutes the initial step of cell migration. We first examined the levels of adhesion molecules CD11a/lymphocyte function-associated antigen (LFA), P-selectin glycoprotein ligand (PSGL), and CD11b on blood monocytes in response to Ang II infusion. By qRT-PCR, we found that mRNA levels of CD11a/LFA and PSGL on blood monocytes of WT mice were significantly increased after Ang II infusion, whereas that of CD11b remained relatively constant ( Figure 5A ). Given that blood C5a level was increased after Ang II infusion (Figure 1) , we tested the hypothesis that induction of adhesion molecule expression on monocytes of Ang II-infused mice is mediated by C5a. Figure 5B shows that recombinant C5a induced LFA, PSGL, CCL2, and CCL3 mRNA expression in WT but not in C5aR -/mouse macrophages in vitro. To test the functional significance of increased adhesion molecule expression, we performed cell adhesion assays using isolated blood monocytes from saline and Ang II-infused WT and C5aR -/mice and cultured endothelial cells. Figure 5C shows that blood monocytes from Ang II-treated WT mice adhered to endothelial cells dramatically faster than cells from salinetreated WT mice, and C5aR deficiency significantly impaired monocyte/endothelial interaction. Separately, in a cell migration assay designed to measure chemotactic activity, C5aR -/macrophages in a lower chamber pretreated with recombinant C5a recruited less macrophages from an upper chamber than similarly treated WT macrophages ( Figure 5D ).
Anti-C5 Monoclonal Antibody Treatment Ameliorates Ang II-Induced Cardiac Inflammation and Injury
Data presented above showed that the C5a-C5aR pathway on monocytes/macrophages plays a critical role in mediating Ang II-induced cardiac inflammation and injury. This finding suggests that complement inhibition may be a potential therapeutic strategy for preventing or treating hypertension-related organ injury. To provide a proof of concept, we treated WT mice with an antimouse C5 monoclonal antibody (mAb; BB5.1) 3 hours before Ang II infusion. An irrelevant IgG of the same isotype (MOPC) was used as a control. Figure 6A shows that the number of infiltrating macrophages, as represented by Mac-2-positive cells, in the hearts of Ang II-infused and anti-C5-treated mice were significantly reduced when compared with control IgGtreated and Ang II-infused mice. This was confirmed by a significant reduction in CD45, CD11b, interleukin-1β, CCL2, CCL3, and iNOS mRNA expression as markers of leukocyte infiltration in anti-C5-treated mice ( Figure 6B ). Furthermore, mice treated with anti-C5 mAb also displayed a significant reduction in cardiac areas positive for TGF-β1, α-SMA, and Masson staining ( Figure 6C-6E ; Figure VI in the online-only Data Supplement) and in mRNA levels of α-SMA, Col1a1, and Col3a1 ( Figure 6F-6H) . Thus, therapeutic blockade of C5 with mAb effectively ameliorated cardiac inflammation and fibrotic remodeling in Ang II-infused hypertensive mouse hearts.
Discussion
The connection between inflammation and hypertensioninduced cardiac injury is well appreciated, but whether the A, Four groups of chimeric mice were generated by BM transfer (BMT), and successful BMT was confirmed by real-time-polymerase chain reaction (PCR) analysis of C5aR mRNA in splenocytes (wild-type [WT] to WT, n=5; C5aR -/to WT, n=6; WT to C5aR -/-, n=4; and C5aR -/to C5aR -/-, n=5). B, Leukocyte infiltration into the hearts of Ang II-treated chimera mice (n=3 mice per group) as assessed by flow cytometry of CD45+ cells was dependent on C5aR expression on BM cells. C-F, Real-time PCR analysis of CD11b, interleukin (IL)-1β, chemokine ligand (CCL) 2, and CCL3 mRNA levels in Ang II-treated chimera mouse hearts (n=4 mice in each group) showed their expression to be dependent on C5aR expression on BM cells. G-I, Quantitation of heart areas positive for transforming growth factor (TGF)-β1, α-smooth muscle actin (α-SMA), or Masson staining as measurement of fibrosis in Ang II-treated chimera mice also showed a correlation with C5aR expression on BM cells (n=4-6 mice in each group). In all panels, chimera mice were used 2 months after BMT and were treated with Ang II for 7 days. *P<0.05. complement system, a major innate immune and inflammatory pathway, is implicated in this disease setting has not been well studied. We have provided evidence in the present study that the complement system is overactivated in patients with hypertension when compared with nonhypertensive controls. Using a mouse model of Ang II-induced acute hypertension and cardiac injury/fibrotic remodeling, we further examined signs of complement activation and investigated the contribution of complement anaphylatoxin receptors to the pathological changes caused by Ang II infusion. We found that plasma levels of C3a and C5a were significantly elevated, and there was a marked increase in anaphylatoxin receptor, particularly C5aR, expression in the hearts of treated mice. The latter phenomenon was found to be associated with leukocyte infiltration as indicated by the appearance of a large population of CD45 + cells in the mouse hearts after Ang II infusion. It is notable that although C5aR is known to be highly expressed on neutrophils and macrophages, the infiltrating leukocytes in Ang II-treated mouse hearts consisted primarily of macrophages. Thus, Ang II infusion initiated a strong inflammatory response dominated by macrophages in the mouse hearts, and the C5a-C5aR pathway played a key role in this process.
Consistent with data from Ang II-infused mice, we found that in newly diagnosed hypertensive humans, plasma C5a level was also significantly elevated. However, in contrast to the murine model, we did not observe any changes in plasma C3a levels in the patients with hypertension. Given the heterogeneous nature of the human patients, it is perhaps not surprising that we did not see exactly the same complement activation profile as in Ang II-treated mice. C5 activation normally depends on C3 activation to generate C5 convertases, but it is also known that C5a can be generated in the absence of C3 Figure 5 . Complement 5a (C5a)-C5a receptor (C5aR) pathway regulates adhesion and migration of activated macrophages in angiotensin II (Ang II)-infused mice. A, Real-time polymerase chain reaction (PCR) analysis showed that mRNA levels of the adhesion molecular CD11a/LFA and PGSL but not that of CD11b on wild-type (WT) mouse periphery blood monocytes were increased after Ang II infusion (n=3 mice per group). *P<0.05 compared with cells from day 0. B, Real time-PCR analysis of CD11a/LFA, PGSL, chemokine ligand (CCL) 2, and CCL3 mRNA levels in WT and C5aR -/macrophages treated with or without recombinant C5a (rC5a; 10 ng/mL). C5a treatment stimulated the expression of these genes in WT but not in C5aR -/mouse macrophages. *P<0.05 compared with WT macrophages without rC5a treatment. C, Periphery blood monocytes from WT and C5aR -/mice with or without Ang II infusion for 1 day were collected, loaded with Calcein-AM (green), and tested for adhesion to endothelial cells in culture. Ang II treatment markedly increased the adherence of WT cells, and cells from C5aR -/mice adhered to a significantly lesser degree. *P<0.05 compared with mice of the same genotype infused with saline. #P<0.05 compared with WT mice infused with Ang II. D, Transwell macrophage migration assay shows that WT macrophages in the lower chamber stimulated with rC5a (10 ng/mL) caused more WT macrophages (in the upper chamber) to migrate than similarly treated C5aR -/macrophages. Macrophages were seeded at 1×105 cells per well in the lower chamber and 1×104 cells per well in the upper chamber. Cells in the lower chamber were stimulated with C5a for 24 hours and migrated cells were counted by 4,6-diamidino-2-phenylindole (DAPI) staining (blue). *P<0.05 compared with WT macrophages without rC5a treatment. Results are mean±SEM and representative of ≥3 independent experiments. under inflammatory conditions involving thrombin-mediated C5 cleavage. 14 In a similar example, plasma levels of C5a and C5b-9, but not of C3a, were increased in cases of patients with severe preeclampsia when compared with healthy controls. 15 The conclusion that C5aR expression on macrophages is important for Ang II-induced cardiac inflammation and fibrotic remodeling is supported by several lines of evidence. First, we demonstrated that C5aR deficiency but not C3aR deficiency ameliorated Ang II-related pathology. Second, pretreatment of Ang II-infused WT mice with an anti-C5 mAb had a similar effect as C5aR deficiency in reversing the disease phenotype. Third, BM chimera experiment revealed that C5aR expression on blood cells rather than resident cardiac cells was responsible for Ang II-induced pathological changes in the hearts. Finally, we found that Ang II treatment led to enhanced expression of adhesion molecules, including LFA and PGSL on peripheral monocytes, which increased their stickiness to cultured endothelial cells, and these effects were recapitulated by C5a stimulation of mouse macrophages in vitro.
It is likely that C5a-illicitated macrophages interacted with other cell types and mediators within the cardiac microenvironment to cause pathological changes, such as fibrotic remodeling in Ang II-infused mice. 16 We have previously shown that CD4 + T-cell-derived interleukin-12p35 played a role in regulating the differentiation of M2 macrophages. M2 macrophages promote fibroblast differentiation and fibrosis formation through TGF-β1 production. 17 We have also found that interferon-γ from T cells could stimulate monocyte chemoattractant protein-1 production by macrophages, further promoting macrophage infiltration and cardiac fibrosis through a positive feedback loop. 18 Furthermore, infiltrated macrophages in the hearts stimulate cardiac fibroblasts to produce interleukin-6, which is essential for TGF-β1/ Smad activation and cardiac fibrosis as seen in Ang II-treated mouse hearts. 19 Thus, complement activation and C5amediated macrophage infiltration may represent an early and key event in initiating the inflammatory cascade and cellular activation process in Ang II-treated mouse hearts, ultimately resulting in cardiac injury and fibrotic remodeling.
How and by which pathway complement was activated in Ang II-treated mouse hearts remains to be established. In addition to marked elevation of plasma C3a and C5a levels, we observed prominent perivascular C3b deposition in the hearts of Ang II-treated mice, suggesting that complement was primarily activated on tissues surrounding blood vessels. The complement cascade can be initiated through 3 different pathways, namely the classical, lectin, and alternative pathways (APs). 6, 20 The classical pathway is activated by antibody-antigen complexes and the lectin pathway by mannose-binding lectins. Both pathogen-associated molecular patterns and host cell damage-associated molecular patterns can be sensed by these pathways as might occur during pathogen infection or host tissue injury (eg, ischemia reperfusion injury). 6, 8, 21 In contrast, the AP is constantly active at a low level and in the absence of negative control, it is rapidly amplified. Avoidance of AP complement attack by host cells is achieved by membrane-bound or plasma complement regulating proteins, such as decay-accelerating factor and factor H. [22] [23] [24] Considering the Figure 6 . Anti-C5 monoclonal antibody (mAb) treatment of wild-type (WT) mice ameliorated angiotensin II (Ang II)-induced cardiac inflammation and fibrotic remodeling. A, WT mice were pretreated with anti-C5 mAb or a control IgG every 3 days starting 24 hours before infusion with saline or Ang II for 7 days. Immunohistochemical staining of the macrophage markers Mac-2 showed significant reduction in mice treated with anti-mAb (scale bars, 100 μm). B, Real-time-polymerase chain reaction (PCR) analysis of CD45, CD11b, interleukin (IL)-1β, chemokine ligand (CCL) 2, CCL3, and iNOS mRNA levels confirmed that anti-C5 mAb treatment reduced inflammatory infiltrates in Ang II-treated WT mice (n=4 mice in each group). C-E, Treatment with anti-C5 mAb reduced cardiac fibrosis in Ang II-treated WT mice as assessed by transforming growth factor (TGF)-β1, α-smooth muscle actin (α-SMA), and Masson staining (n=3 mice in each group). F, Real-time PCR analysis of α-SMA, collagen I, and collagen III mRNA levels in Ang II-treated mouse hearts confirmed that anti-C5 mAb treatment ameliorated fibrotic remodeling (n=4 mice in each group). *P<0.05 compared with control IgGtreated mice in all panels. evidence of perivascular C3b deposition in the hearts of Ang II-treated mice, we speculate that complement activation may originate from Ang II-induced endothelial injury and platelet activation. 25, 26 Ang II-injured endothelial cells may expose neoantigens to which natural antibodies or lectin can bind and trigger the classical or lectin pathways of complement activation. Similar mechanisms of complement activation have been shown in the setting of ischemia reperfusion injury of endothelial cells. 27, 28 Not mutually exclusive with the possibility discussed above, damaged endothelial cells in Ang II-infused mouse hearts may lose intrinsic membrane complement regulators, such as decay-accelerating factor, Crry, and CD59, or may lose the ability to interact with the key plasma complement regulator factor H, [29] [30] [31] thus allowing AP complement to be amplified unchecked.
Activated platelets may also contribute to complement activation. We have previously described that platelets were activated, and platelet-leukocyte conjugation was formed during Ang II-induced mouse hypertension and cardiac fibrosis, and when mice were pretreated with clopidogrel, cardiac fibrosis was attenuated. 32 Recent studies have shown that platelets could stimulate complement activation in a variety of pathological settings of inflammation and vascular injury, 33 and this process is dependent on the expression of P-selectin and gC1qR on the platelet surface, as well as the secretion of chondroitin sulfate from internal platelet stores. 34, 35 P-selectin has been associated with the activation of the AP, whereas gC1qR and chondroitin sulfate activate the classical pathway. [34] [35] [36] The use of gene knockout mice deficient in pathway-specific complement proteins in future studies should help to delineate the complement activation pathways involved in the current disease model.
Undoubtedly, hypertension-related vascular injury and heart disease in human patients are much more complex and heterogeneous than the Ang II-induced mouse model of acute hypertension and cardiac inflammation and injury. Notwithstanding this limitation, our data are in line with a previous report, showing that the C5aR antagonist PMX53 inhibited cardiac inflammation and fibrosis in the DOCA-salt hypertensive rat model 37 and provide new evidence to support the conclusion that abnormal complement activation is implicated in an increasing number of vascular disorders. [38] [39] [40] Given the evidence of increased complement activation in patients with hypertension, the availability of a clinically approved therapeutic anti-C5 mAb and our proof of concept data show that a surrogate anti-C5 mAb ameliorated Ang II-induced cardiac inflammation and fibrotic remodeling in mice; the role of complement in hypertensioninduced vascular injury and heart disease in human patients and the possible benefit of anticomplement therapy in such individuals deserve further investigation.
